In many angiosperms, outcrossing is enforced by genetic selfincompatibility (SI), which allows cells of the pistil to recognize and specifically inhibit "self" pollen. SI is often associated with increased stigma-anther separation, a morphological trait that promotes crosspollen deposition on the stigma. However, the gene networks responsible for coordinate evolution of these complex outbreeding devices are not known. In self-incompatible members of the Brassicaceae (crucifers), the inhibition of "self"-pollen is triggered within the stigma epidermal cell by allele-specific interaction between two highly polymorphic proteins, the stigma-expressed S-locus receptor kinase (SRK) and its pollen coat-localized ligand, the S-locus cysteinerich (SCR) protein. Using Arabidopsis thaliana plants that express SI as a result of transformation with a functional SRK-SCR gene pair, we identify Auxin Response Factor 3 (ARF3) as a mediator of crosstalk between SI signaling and pistil development. We show that ARF3, a regulator of pistil development that is expressed in the vascular tissue of the style, acts non-cell-autonomously to enhance the SI response and simultaneously down-regulate auxin responses in stigma epidermal cells, likely by regulating a mobile signal derived from the stylar vasculature. The inverse correlation we observed in stigma epidermal cells between the strength of SI and the levels of auxin inferred from activity of the auxin-responsive reporter DR5:: GUS suggests that the dampening of auxin responses in the stigma epidermis promotes inhibition of "self" pollen in crucifer SI.
F lowering plants having both female and male reproductive structures within the same flower have evolved a variety of mechanisms that promote cross-pollination, thereby allowing them to avoid inbreeding depression and maintain genetic variation among individuals. Among the most recognized outcrossing mechanisms are physiological self-incompatibility (SI) systems, which enable cells of the female reproductive tract to recognize and reject genetically related pollen grains, and morphological adaptations in flower architecture that increase the separation between stigma and anther heights and thus minimize the chance of physical contact between pollen and stigma within a flower (1, 2) . Although these physiological and morphological barriers to selfing appear to be unrelated mechanistically, they are often found to coevolve, suggesting that SI and floral developmental programs are based on intersecting genetic networks.
Arabidopsis thaliana is a highly self-fertile species that harbors nonfunctional alleles of the two genes that determine specificity in the SI response of the Brassicaceae: SRK, which encodes the S-locus receptor kinase (SRK), a transmembrane protein displayed on the surface of stigma epidermal cells, and SCR, which encodes the Slocus cysteine-rich protein, which is the pollen coat-localized ligand for SRK. In previous studies, we showed that A. thaliana can be made to express SI by transformation with SRK-SCR gene pairs isolated from self-incompatible members of the Brassicaceae, such as Arabidopsis lyrata (3) (4) (5) . In naturally self-incompatible crucifers, the SI response is regulated during stigma development, with SI being first evident in mature floral buds just before flower opening and persisting throughout flower development. Similarly, SRK-SCR transformants of some A. thaliana accessions, such as C24, express a robust and developmentally stable SI response and these plants do not set seed (4) . In contrast, SRK-SCR transformants of other accessions, such as Col-0, express transient SI, whereby stigmas display an intense SI response only in mature floral buds and justopened flowers, but subsequently exhibit breakdown of SI in older flowers, resulting in abundant seed production (3, 4) . Using Col-0 plants transformed with the SRKb-SCRb gene pair isolated from the A. lyrata Sb haplotype, henceforth referred to as Col(Sb), we previously demonstrated that a mutation in the RNA-DE-PENDENT RNA POLYMERASE 6 (RDR6) gene drastically reduces self-seed production by enhancing two distinct floral characters that promote outcrossing, SI, and stigma exsertion (i.e., stigmas positioned above the anthers) resulting from enhanced pistil elongation in mature flowers (6) .
RDR6 functions in TAS1-, TAS2-, TAS3-, and TAS4-derived transacting small inhibitory RNA (ta-siRNA) biogenesis by mediating double-strand formation of miRNA-directed cleavage products, which are subsequently processed into siRNA duplexes by DICER-LIKE 4 (DCL4) (reviewed in 7). TAS3 ta-siRNA biogenesis is specifically disrupted by loss-of-function mutations in ARGONAUTE 7 (AGO7), an integral component of the specialized RNA-Induced Silencing Complex (RISC) that affects posttranscriptional cleavage of TAS3 precursor genes (8) . As a result, ago7 mutants exhibit up-regulation of the TAS3 ta-siRNA targets Auxin Response Factors 3 and 4 (ARF3 and ARF4) (9-11), which belong to a family of genes encoding DNA-binding proteins that bind to auxin response elements in the promoters of auxin responsive genes (12) . We had previously shown that ago7 plants exhibit enhanced SI and stigma exsertion phenotypes similar to those observed in rdr6 plants (6) . These results suggested that positive regulators or effectors of SI and pistil development are regulated by ta-siRNA(s) and that ARF3 and/or ARF4 might function in SI. ARF3, also known as ETTIN, had been implicated in pistil development based on the severe pistil malformations observed in loss-of-function arf3 mutants (13) (14) (15) and on the stigma exsertion phenotypes observed upon over-expression of ARF3 transcripts in wild-type plants (9, 11) . Consequently, we examined the possibility that RDR6 and AGO7 might exert their effect on SI through their ARF3 target.
Results and Discussion
Overexpression of ARF3 Enhances the SI Response. We overexpressed ARF3 in a Col(Sb) transgenic strain by introducing a genomic clone containing a TAS3 ta-siRNA-insensitive mutant of ARF3 with its native 5′ and 3′ regulatory sequences (9) . Expression of this nontargeted form of ARF3, hereafter referred to as ARF3pr::ARF3mut, is expected to result in increased ARF3 transcript levels relative to wild type, due to increased copy number and to the lack of negative regulation of the ARF3mut transcript by TAS3 ta-siRNA (9).
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Eighty-three independent Col(Sb)(ARF3pr::ARF3mut) transformants were generated and grouped into four classes according to their floral phenotypes (Fig. 1A) : class I plants (21/83 or 25% of transformants) produced flowers with normal morphology; class II plants (26/83 or 31% of transformants) produced flowers having a stigma exsertion phenotype similar to that of rdr6(Sb) and ago7(Sb) flowers, and their stigmas had only partially fused lobes; class III plants (22/83 or 27% of transformants) produced flowers exhibiting stigma exsertion in combination with several other flower developmental defects, including a more severe incomplete fusion of stigma lobes than in class II plants, uncoordinated growth of the carpels at their apical end often causing one stigma lobe to be positioned higher than the other instead of the congenitally fused carpels with synchronized growth observed in wild type, reduced pollen production, and narrow sepals and petals that curled outward; and class IV plants (14/83 or 17% of transformants) exhibited severe defects in pistil development, including incomplete fusion of apical ends resulting in multiple stigmas and styles, lack of pollen, and more severe sepal and petal phenotypes than those observed in class III plants.
It should be noted that in an earlier study (9) , Col-0 wild-type plants transformed with the nontargeted ARF3pr::ARF3mut transgene used here were reported to exhibit only moderate changes in flower morphology that were restricted to a stigma-exsertion phenotype similar to our class II plants. It is possible that the more severe developmental defects we observed were due to much higher ARF3 transcript levels in our transformants than in those described in the previous study. Alternatively, SRKb, which enhances pistil elongation in the rdr6 background (6), may have acted synergistically with ARF3 to cause the more severe flower defects observed in our study.
Among Col(Sb)(ARF3pr::ARF3mut) transformants, class II plants exhibited reduced seed set, whereas class III and class IV plants exhibited total lack of seed set. Reciprocal cross-pollinations to wild-type Col-0 plants indicated that several factors important for successful pollination were perturbed in these plants. In class IV transformants, the lack of seed resulted both from the absence of pollen and the inability of the severely deformed pistils to support the growth of wild-type pollen tubes. In class III transformants, very few if any of the pollen grains produced by these plants germinated at the stigma surface, even when used to pollinate Col-0 wild-type pistils, indicating that these pollen grains were nonfunctional. Finally, in some class II transformants, which exhibited only a stigma exsertion phenotype, wild-type pollen germinated at the stigma surface, but pollen tube growth was subsequently aborted in the transmitting tract, thus preventing successful fertilization.
Despite their floral defects and reduced fertility, Col(Sb) (ARF3pr::ARF3mut) plants produced well-developed stigma epidermal cells similar to those of wild-type flowers, with the exception of class IV plants, which produced underdeveloped stigmatic cells. Consequently, class IV plants will not be considered further. Detailed analyses of compatible pollen-stigma interactions in class I, II, and III plants demonstrated that these transgenic plants retained normal stigma function. Indeed, manual application of wild-type pollen grains on the stigmas of these plants showed the same rates of pollen hydration and pollen tube penetration through the cell wall as observed in wild-type stigmas (Fig. 1B) . Thus, the ARF3pr::ARF3mut transgene does not disrupt compatible pollen-pistil interactions at the stigma surface.
To investigate the effect of ARF3 overexpression on SI, pollen grains expressing SCRb (hereafter SCRb-pollen) were manually applied to stage 14 stigmas (see Materials and Methods for description of flower developmental stages) of control Col(Sb) plants and those of class I, II, and III Col(Sb)(ARF3pr::ARF3mut) plants, and pollen tube growth was examined 24 h after pollen application. Col(Sb) stigmas display an intense SI response only in stage 12 floral buds and early stage 13 flowers, but subsequently exhibit breakdown of SI in older flowers (after stage 13) (3). As previously described (3, 6) , stage 14 Col(Sb) stigmas allowed the growth of numerous SCRb-pollen tubes that penetrated the wall of stigma epidermal cells (Fig. 1B) . Similarly, SCRb-pollen tubes were not 
, whereas inconsistent SI responses were observed between the two lobes of the same stigma in some class III flowers exhibiting weak SI response (III W ). In the latter flowers, when the pistil exhibited uncoordinated growth at its apical end, a more intense pollen inhibition was typically observed on the longer side of the carpel than on the shorter side as shown in the bottom panels.
inhibited on the stigmas of class I and class II plants. By contrast, under the same pollination conditions, the stage 14 stigmas of class III transformants inhibited SCRb-pollen. In one-third (7/22) of these transformants, the SI response was as intense as that observed in stage 14 stigmas of the stably self-incompatible C24(Sb) plants (4): SCRb-pollen grains typically failed to adhere to the stigma epidermal cells and hydrate, and as a result, they were washed away during fixation and processing for microscopic examination, and only callose deposits marking the sites of pollen grain contact with the stigma epidermal cells were observed (Fig. 1B) . Interestingly, class III plants, particularly those exhibiting a relatively weak SI response, often produced inconsistent SI responses between the two lobes of a single stigma, with one lobe showing strong inhibition of SCRb-pollen and the other lobe supporting SCRbpollen germination and pollen tube growth through the cell wall (Fig. 1B) . This fluctuation in the SI response within the same stigma parallels the uncoordinated growth of the two incompletelyfused carpels typically observed in ARF3 overexpressing plants (Fig. 1A) and likely results from differential ARF3 expression in the two carpels (see below).
Quantitative analysis of ARF3 transcript levels in the various classes of Col(Sb)(ARF3pr::ARF3mut) plants demonstrated that the severity of developmental defects and the enhancement in the SI response were positively correlated with ARF3 mRNA levels ( Fig. 2A) . Moreover, comparison of SRKb transcript levels in the stigmas of class III plants that exhibited enhanced SI and of class I plants that exhibited transient SI similar to that observed in Col (Sb) plants demonstrated that SRKb levels in these class III plants were not increased, but rather slightly reduced, relative to class I stigmas (Fig. 2C) . Therefore, the enhanced self-pollen inhibition observed in Col(Sb) ARF3 overexpressors was not caused by developmental epistasis that indirectly elevated SRKb levels.
Interestingly, the threshold levels of ARF3 transcripts that affected enhancement of SI were significantly higher in Col(Sb) ARF3 overexpressors than in rdr6(Sb) plants (compare Fig. 2 A  and B) . This observation explains why the enhanced SI phenotype was associated with more severe developmental defects in Col(Sb)(ARF3pr::ARF3mut) flowers (Fig. 1A ) than in rdr6(Sb) flowers (6) . Loss of RDR6 function is known to result in de-repression, not only of ARF3 transcripts but also of transcripts derived from other ARF genes (16, 17) . Consistent with this result, we observed up-regulation of ARF4 transcripts in rdr6(Sb) pistils. It is therefore possible that the enhancement of SI in rdr6 (Sb) plants can be affected in the context of relatively low ARF3 levels because of cooperative activity of ARF3 with additional tasiRNA ARF targets.
Expression of Truncated ARF3 Disrupts the SI Response. To confirm the role of ARF3 in the regulation of SI, we assessed the effect of loss-of-function arf3 mutants on SI. Different arf3 alleles had been reported to display various degrees of gynoecium developmental defects (13) . In particular, a detailed analysis of T-DNA insertional alleles had shown that arf3 alleles in which the T-DNA insertion was located toward the C terminus, resulting in the production of a truncated ARF3 protein, exhibited the most severely malformed gynoecia, possibly because they dimerize nonproductively with ARF3-interacting proteins (18) . Therefore, a Col(Sb) plant was crossed with a plant homozygous for arf3-2, an allele in which the T-DNA insertion was located within exon 10 at a site upstream of the TAS3 ta-siRNA target sites (19) . As expected, F2 plants homozygous for the arf3-2 mutation and carrying the SRKb-SCRb transgenes produced flowers with malformed gynoecia. However, the degree to which the arf3-2 allele affected gynoecium development varied significantly even among different gynoecia produced by the same plant, as previously described for other arf3 alleles (13) . Gynoecia with relatively mild phenotypic defects typically exhibited reduced ovary valves (Fig.  3A) , whereas gynoecia with the most severe phenotypic defects manifested complete loss of the valves and appeared as stalk-like structures, which nevertheless were capped by stigmas having welldeveloped epidermal cells (Fig. 3A) .
Pollination assays of arf3-2(Sb) plants revealed that in mature stage 12 buds, the stigmas of gynoecia exhibiting reduced valves retained the intense SI response typically observed in stage 12 stigmas of wild-type Col(Sb) (Fig. 3A) . In contrast, the stigmas of valveless gynoecia exhibited breakdown of SI in these mature buds (Fig. 3A) . Notably, this disruption of SI was not caused by an indirect effect of gynoecium malformation on SRKb expression because a quantitative RT-PCR analysis revealed that SRKb transcripts levels were not reduced in arf3-2(Sb) stigmas that exhibited breakdown of SI relative to those exhibiting SI (Fig. 3B ).
ARF3 Acts Non-Cell-Autonomously to Regulate the SI Response. Previous in situ hybridization studies (14, 18) had determined that ARF3 transcripts are not expressed in stigma epidermal cells at any stage of flower development. In pistils at stage 9 through stage 12 of flower development, ARF3 transcripts were detected in the vascular strands that lie between phloem and xylem elements. To explain how ARF3 regulates SI despite not being expressed in stigma epidermal cells, we examined the localization of the ARF3 protein in pistils in Col(Sb) plants transformed with ARF3pr::ARF3mut-GUS, a previously described construct in which the ARF3 promoter drives expression of a nontargeted ARF3mut-GUS translational fusion (9) . A total of 53 independent Col(Sb) plants expressing the ARF3mut-GUS fusion were generated. These plants exhibited floral and SI phenotypes similar to the Col(Sb)(ARF3pr::ARF3mut) transgenic plants described above. Analysis of ARF3mut-GUS protein accumulation in these plants revealed that the levels of ARF3mut-GUS protein, as inferred from the intensity of GUS staining, were correlated with the severity of the floral phenotype. For example, GUS staining was more intense in class III than in class I (Sb)(ARF3pr::ARF3mut-GUS) or in Col(Sb) plants (Fig.  4A) . Consistent with the spatial localization of ARF3 transcripts (14, 18) , the ARF3mut-GUS protein was not detected in stigma A B C epidermal cells, but was rather found to accumulate in the stylar vascular tissues below these cells (Fig. 4A ). This result was confirmed by quantitative RT-PCR of stage 12 pistils, which detected ARF3mut-GUS transcripts at appreciable levels in styles but only at very low levels in stigmas (Fig. 5A) . In class I Col(Sb)(ARF3pr:: ARF3mut-GUS) plants, which exhibited a transient SI response that broke down in stigmas from stage 14 onward, the ARF3mut-GUS fusion was detected only in young floral buds before stage 12 and was not detectable by GUS histological staining in stage 14 flowers (Fig. 4A) . By contrast, in plants that exhibited strong SI, this vascular staining of the ARF3mut-GUS fusion persisted after stage 13 into the open-flower stage (Fig. 4A) . Interestingly, in gynoecia in which uncoordinated growth resulted in one of the unfused carpels being longer than the other, ARF3mut-GUS levels typically accumulated to higher levels in the longer carpel (Fig. 4A ). This differential expression of ARF3 protein likely explains the inconsistent pollination responses often observed in these gynoecia (Fig. 1B) . In any case, the result strongly supports the involvement of ARF3 in the regulation of pistil elongation and further suggests that each stylar vascular bundle independently regulates the development and function of nearby cells within each half of the pistil.
To define further the cells in which ARF3 acts to regulate the SI response, we overexpressed ARF3 specifically in stigma epidermal cells by transforming Col(Sb) plants with an AtS1pr::ARF3mut construct, in which expression of the nontargeted ARF3 variant is driven by the AtS1 promoter, which is active specifically in stigma epidermal cells (20) . Interestingly, none of the 17 Col(Sb)(AtS1pr:: ARF3mut) transformants analyzed, even those in which stigmas expressed 100-to 500-fold higher levels of ARF3 than wild type (Fig. 4B) , exhibited an enhanced SI response (Fig. 4B) . Therefore, ARF3 transcripts do not affect the SI response in stigma epidermal cells when expressed directly in these cells. Taken together, our results indicate that ARF3 acts non-cell-autonomously to regulate the SI response in stigma epidermal cells through a secondary mobile signal likely derived from the vascular tissue of the style. a proxy for auxin accumulation (21) . Because ARF3 acts noncell-autonomously to regulate SI in stigma epidermal cells, we reasoned that it might also act non-cell-autonomously to suppress expression of the DR5:GUS reporter in these cells. Accordingly, we introduced the ARF3pr::ARF3mut construct into Col(Sb) plants harboring DR5::GUS. As expected, the 50 independent Col(Sb)(DR5::GUS)(ARF3pr::ARF3mut) transformants generated in this manner exhibited a range of ARF3 transcript levels and fell into the four phenotypic classes described above for Col(Sb) (ARF3pr::ARF3mut) plants. Twenty independent class I transformants exhibiting normal flower morphology and 11 independent transformants exhibiting the floral defects characteristic of class III plants were chosen for comparative analysis of DR5-driven GUS expression in stigmatic cells. In the flowers of Col(Sb) and class I transformants, GUS activity was evident in stigma epidermal cells (Fig. 4C) , and appreciable levels of GUS transcripts were detected in stigma tissue by quantitative RT-PCR (Fig. 5 B and C) . By contrast, class III flowers, which accumulate relatively high levels of ARF3 ( Fig. 2A) , exhibited very low, if any, GUS staining in stigma epidermal cells (Fig. 4C) , and correspondingly low levels of GUS transcripts were detected in their stigmas (Fig. 5B) . However, this suppressive effect of ARF3 overexpression on the DR5::GUS reporter was not observed in AtS1pr::ARF3 transgenic plants that overexpress ARF3 directly in stigma epidermal cells (Figs. 4C and 5C ).
Conclusions
Our study identifies ARF3 as a modulator of SI and a major TAS3 ta-siRNA target responsible for the enhanced SI phenotype we previously observed in rdr6(Sb) and ago7(Sb) plants. We found a strict correlation between the level of ARF3 expression and the strength of the SI response. SI was enhanced when ARF3 transcripts were increased due to expression of the ta-siRNA-insensitive ARF3mut variant under control of the ARF3 promoter. Conversely, SI was abolished in ARF3 loss-of-function mutants. Importantly, our results suggest that in the pistil apex, ARF3 acts non-cell-autonomously on stigma epidermal cells by controlling the production of at least one mobile signal that negatively regulates SI in these cells. This non-cell-autonomous activity is similar to that of ARF5/MONOPTEROS (ARF5/MP), a transcriptional activator that is expressed in embryonic cells, yet regulates specification of the adjacent extraembryonic hypophysis precursor (22) (23) (24) . In embryonic cells, ARF5/MP activates auxin transport and the production of a mobile transcription factor, TARGET OF MP5 (TMO7), and it is the accumulation of auxin and TMO7 in the hypophysis precursor that initiates the molecular events leading to formation of the hypophysis. Because ARF3, unlike ARF5/MP, functions as a transcriptional repressor (21) , it might act directly to repress transcription of the gene for the postulated mobile factor. However, it is also possible that ARF3 acts indirectly by repressing an activator or a repressor of this gene. Interestingly, the non-cell-autonomous ARF3-mediated down-regulation of DR5::GUS activation in stigma epidermal cells suggests that ARF3 modulates a second auxin response cascade that acts cell-autonomously in these cells. Such interplay between non-cell-autonomous and cell-autonomous auxin response modules has been described in hypophysis specification (25) . At present, it is not known if the down-regulation of ARF3 downstream targets and the dampening of a cell-autonomous auxin response cascade in stigma epidermal cells are two separate consequences of ARF3 activity or if suppression of the proposed mobile signal in turn down-regulates the cell-autonomous auxin response in the stigma epidermis.
The observation that increased ARF3 transcript levels caused both enhanced SI and pistil aberrations demonstrates that ARF3 mediates cross-talk between the pistil development and SI signaling pathways. Previous studies had implicated ARF3 in the regulation of auxin signaling in the pistil based on the similarity of pistil phenotypes in arf3 mutants and auxin regulatory mutants, such as pinoid, and the fact that treatment of the inflorescence apex with the polar auxin transport inhibitor naphthylphthalamic acid phenocopies arf3 mutants (15) . Our results support this conclusion and further suggest a role for auxin responses in pollen-stigma interactions and in the integration of these interactions into the overall pistil development program. Interestingly, in plant-pathogen interactions, which like SI are based on the ability to discriminate between self and nonself, auxin has been implicated in disease susceptibility and suppression of auxin signaling in disease resistance (26) . Future work will determine if a similar situation holds for pollen-stigma interactions, whereby auxin enhances pollen-tube growth at the stigma surface, whereas ARF3-mediated repression of auxin signaling in the stigma epidermis promotes or is required for "self" pollen rejection.
Experimental Procedures
Plant Materials, Growth Conditions, and Transgenes. Plants of the Col-0 accession carrying A. lyrata SRKb and SCRb, referred to as Col(Sb), were previously described (2). Transformants were selected on MS medium (Sigma) containing 50 μg/mL hygromycin and 100 μg/mL carbenicillin. All transformation constructs were introduced into Agrobacterium strain GV3101 and were subsequently transferred into Arabidopsis plants by the floral dip method (27) . Plants were grown at 22°C under 16 h light/8 h dark regime.
The nontargeted ARF3pr::ARF3mut and ARF3pr::ARF3mut-GUS constructs were described previously (9) and were transformed directly into Col(Sb) plants. Mutant arf3-2(Sb) plants were selected from F2 plants derived from a cross between an arf3-2 plant and a Col(Sb) plant. To generate Col(Sb) plants containing the DR5::GUS transgene and overexpressing ARF3mut transcripts, a Col(Sb) plant was crossed with a Col-0 plant containing DR5::GUS (28), and F2 plants homozygous for both Sb and DR5::GUS were selected for subsequent transformation with either ARF3pr::ARF3mut or AtS1pr::ARF3mut.
The AtS1pr::ARF3mut chimeric gene was constructed as follows: A Kpn1 genomic fragment containing the coding region of nontargeted ARF3mut and its 3′ regulatory sequence was amplified from the ARF3pr::ARF3mut plasmid (9) using 5′-CTTACGGTACCAAAAGTCATCAAGAAACTCCTCTGAG-3′ and 5′-CTTACGGTACCCTTGGATTACGTTTTCTTTGAGTGGCACAGA-3′ primers. The amplified product was digested with Kpn1 and cloned into the Kpn1 site of a pCAMBIA1300 derivative containing the stigma-specific AtS1 promoter fragment (20) . Several clones of the resulting construct were sequenced at the Cornell University Life Sciences Core Laboratories Center, and one clone that contained no PCR-generated errors was chosen for introduction into Agrobacterium and plant transformation. Pollen germination and tube growth were monitored on pollinated stigmas that were treated with fixative (three parts ethanol and one part acetic acid) for at least 30 min, softened in 1 N NaOH at 65°C for 15 min, washed briefly two times in water, and stained in decolorized aniline blue before visualization of pollen tube growth by epifluorescence microscopy (30) . Loss of SI was assessed by pollinating stage 12 flower buds before anthesis (29) with pollen grains expressing SCRb, followed by a 2-to 6-h incubation period before processing for microscopy. Enhancement in the SI response was assessed by emasculating flower buds before anthesis and allowing them to sit overnight until they opened. The first fully opened flowers (stage 14 flowers) were then pollinated with either wild-type Col-0 pollen grains or Col-0 spollen grains expressing SCRb, after which they were left for 24 h before fixation.
RNA Analysis. Approximately 30-40 stigmas or styles were dissected from mature stage 12 buds, and total RNA was isolated using the TRIzol reagent (Invitrogen). We treated 1 μg of total RNA with DNase I (Invitrogen) and reversetranscribed with oligo(dT) primer and First-Strand cDNA Synthesis Kit for RealTime PCR (USB). The resulting first-strand cDNAs were subjected to quantitative real-time PCR using HotStart-IT SYBR Green qPCR Master Mix (2×) (USB) in an Applied Biosystems ViiA 7 Real-Time PCR System. The following gene-specific primers were used: ARF3: 5′-CAACACTTGTTCGGATGGTG-3′ and 5′-CCCA-CACCAAATGTTCCTCT-3′ (10); GUS: 5′-TCCTACCGTACCTCGCATTACC-3′ and 5′-GACAGCAGCAGTTTCATCAATCAC-3′; SRKb: 5′-AATAACCTGCTCGGCTACGC-3′ and 5′-GCTGAATCTACGATGAATGGATCT-3′; ACTIN2: 5′GCACCCTGTTCTTCT-TACCG3′ and 5′AACCCTCGTAGATTGGCACA 3′; and UBIQUITIN CONJUGATING gene At5g25760: 5′-CTGCGACTCAGGGAATCTTCTAA-3′ and 5′-TTGTGCCATT-GAATTGAACCC-3′. PCR amplification was performed under the following conditions: 95°C for 2 min, followed by 40 cycles of 95°C for 15 s, 55°C for 30 s, and 72°C for 30 s. Relative transcript levels were determined by the comparative Cт (ΔΔCт) method using the ViiA 7 software, with three replicates of each sample. ARF3 and GUS transcript levels were normalized to the endogenous ACTIN2 gene, whereas SRKb transcript levels were normalized to the endogenous UBC gene.
GUS Histochemical Assays. GUS histochemical staining was carried out as described previously (31) . Briefly, inflorescences were fixed in 90% (vol/vol) acetone for 20 min at room temperature and washed three times in staining buffer (50 mM sodium phosphate buffer pH7, 0.2% Triton X-100) before transfer to GUS solution (1.5 mM X-Gluc, 1 mM potassium ferrocyanide, 1mM potassium ferricyanide). After vacuum infiltration for 10 min, samples were incubated first in GUS solution for 24 h at 37°C and subsequently in a few changes of 70% (vol/vol) ethanol to clear the tissue of chlorophyll and other plant pigments, and the blue product of the GUS reaction was examined under a dissecting or a light microscope.
